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5. AUTOMATION: FINAL LAYUP
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5.1. Multiple End Effectors
??? ???? ??????????? ????? ????????? ?? ??? ?? ????? ??????????? ????? ?????? ?????? ???????? ??????????
?????????????????????????????????????????????????????????????????????????????????????????????




???????????????????????? ?????????????????????? ?????? ????????????????????????????????????????




???????? ??????????????????????????????????????????????? ?????????????? ????????????????????????
????????????????????????? ??? ??????????????? ???? ?????????????????????????????????? ??????????
???????? ??? ????????? ???? ??????? ????????? ??????? ????? ???? ????????? ??? ??????? ?? ???????????













5.1.1. Cylindrical End Effector
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5.1.3. ‘Wedge’ End Effector
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Flat Single curvature Double curvature
Convex Concave Convex Concave Saddle
Radius Open Tight Open Tight Open Tight Open Tight Open Tight 
Cylinder ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
Profile ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
Wedge ?? ?? ?? ?? ?? ?? ?? ?? ?? ?? ??
5.2. Layup Order
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5.3. The Layup Process
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6. U-SHAPED PANEL LAYUP
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6.1.3. Switching the Deformation Pattern: Starting in the Highest Shear Areas
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6.2. Trial Layups 
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8. FURTHER WORK: INCREASING LAYUP SPEED
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